Seventy-two finishing pigs (initial *weight = 57.6 kg) were utilized to determine the effects of porcine somatotropin (pST) and dietary lysine level on growth performance and carcass characteristics. Pigs were injected daily with 4 mg pST in the extensor muscle of the neck and fed either a pelleted corn-sesame meal diet (.6% lysine, 17.8% CP) or diets containing .8, 1.0, 1.2 or 1.4% lysine provided by additions of L-lysine.HC1. All diets were formulated to contain at least twice the required amounts of other amino acids. Control pigs received a placebo injection and the .6%-lysine diet. Increasing levels of dietary lysine resulted in increased ADG and improved feed conversion (quadratic, P c .01) for pSTtreated pigs. The calculated daily lysine intake was 16.6, 13.6, 19.6, 25.1, 29.6 and 33.6 g for the control and pST-treated pigs fed .6, .8, 1.0, 1.2 and 1.4% lysine, respectively, over the entire experiment. Breakpoint analysis indicated that cumulative ADG and feed conversion were optimized at 1.19 and 1.22% lysine, respectively. Longissimus muscle area and trimmed ham and loin weights increased as dietary lysine was increased among pST-treated pigs (quadratic, P c .01). Breakpoint analysis indicated that 1.11% lysine maximized longissimus muscle area, whereas trimmed ham and loin weights were maximized at .91 and .98% lysine, respectively. Adjusted backfat thickness was not affected by dietary lysine, but pST-treated pigs had less backfat (P c .05) than control pigs did. Percentage moisture of the longissimus muscle increased (linear, P c .05), as did percentage CP (quadratic, P c .05), whereas fat content decreased (linear, P c .05) as lysine level increased. Similar trends in composition were observed for muscles of the ham (semimembranosus, semitendinosus, and biceps femoris). Shear-force values from the longissimus and semimembranosus were lowest for control pigs, but they increased as dietary lysine level increased among pST-treated pigs. Sensory panel evaluations indicated that juiciness and tenderness decreased (linear, P c .05) as dietary lysine level increased. Plasma urea concentrations decreased linearly (P < .01) on d 28 as lysine level increased, whereas plasma lysine and insulin were increased (quadratic, P c .01). Plasma glucose and free fatty acid concentrations on d 28 tended to increase (quadratic, P c .lo) with increasing dietary lysine level. In summary, our results indicate that pST at 4 mg/d increased the lysine requirement to approximately 1.0 to 1.2% (which corresponds to a daily lysine intake of 25 to 30 g) in finishing pigs. ( 
Introduction
Porcine somatotropin (pST) is an effective growth promotant in swine. Long-term pST administration dramatically increases protein accretion and reduces adipose tissue growth (Machlin, 1972; C h u g et al., 1985; Etherton et al., 1987b; McLaren et al., 1987) . Previous experiments have focused on determining the optimal pST dosage to improve growth performance and carcass leanness in swine. However, little is known about the changes in nutrient requirements of pigs treated with pST. Although many factors influence nutrient requirements, leaner, rapidly growing pigs probably require higher amounts of amino acids than fatter, slow-growing pigs do (Brown et al., 1973a,b; Baker, 1986; Stahly et al., 1988) . Low amino acid levels (diets containing I 16% CP) in some experiments may have limited the response (< 10% improvement in growth performance) of pigs to exogenous pST administration (Chung et al., 1985; Wolfrom et al., 1986; Smith et al., 1987) . In experiments in which higher-protein diets (2 18% CP) were fed, responses to pST administration have been larger (> 15% improvement in growth performance; Boyd et al., 1986; Etherton et al., 1987b; McLaren et al., 1987) . Although many variables (recombinant or pituitary pST, dosage, length of treatment, pig weight, genotype, nutrient density, etc.) may contribute to the responsiveness of pigs to pST, greater lean tissue deposition by pST treatment will increase the amounts of amino acids required. Therefore, the objective of this study was to determine the effects of pST administration and dietary lysine level on growth performance and carcass characteristics of finishing pigs. 
Experlmental Procedures
Animals. Finishing pigs (36 barrows and 36 gilts; Hampshire x Yorkshire x Chester White) averaging 57.6 kg were divided by sex and allotted by weight and ancestry to one of six experimental treatments. Treatments were arranged in a 2 x 5 (sex x lysine level) factorial with an additional control (non-pST) treatment. There were two pigs per pen, and six pens per treatment (three pens of each sex). pigs were housed in 4.6-m x 1.2-m pens in a modified open-front building with solid concrete floors.
Drip coolers were controlled thermostatically; pigs had ad libitum access to feed and water. Experimental treatments consisted of daily injections of 4 mg recombinant pST in combination with a pelleted corn-sesame meal diet (.60% lysine and 17.8% CP; Table 1 ) or diets containing .8, 1.0, 1.2 or 1.4% lysine provided by supplemental L-lysineHC1. Chemical composition of the .6% lysine diet (control) was determined by AOAC (1984) procedures (Table 2) . Amino acid analysis was determined by ion exchange chromatography following acid hydrolysis. Cystine and methionine were determined following oxidation with performic acid (Moore, 1963) . The control diet was calculated to meet the estimated requirement for lysine, but it contained twice the requirement estimates (NRC, 1988 ) of all other amino acids. Amino acid analysis indicated that all amino acids (other than lysine) exceeded the pig's estimated requirement by 200% with the exception of isoleucine, which was slightly lower than twice its calculated requirement. Dietary vitamin and mineral concentrations also were at least 200% of NRC estimates to ensure that lysine was the only limiting nutrient. Control pigs received a placebo (excipient) injection and the .6% lysine diet. Pigs were injected with 4 mg/d pST because this level (initially 70 j@kg BW) had been found to be effective in stimulating .
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growth and reducing adipose tissue growth (Boyd et al., 1986; Etherton et al., 1987b , McLaren et al., 1987 . Porcine somatotropin was dissolved in buffer 14 d prior to initiation of the study and stored frozen to ensure stability. Prior to use, the daily allotment of pST was allowed to thaw overnight in a refrigerator at 4°C. Pigs were injected daily between 0600 and 0700 in the extensor muscle of the neck. pig) and deproteinized (Lewis et al., 1980) . All other analyses were conducted on individual samples. Concentrations of glucose8, urea8 and creatinine8 in plasma were determined using modifications of the automated procedures described by Gochman and Schmitz (1972), Marsh et al. (1965) and Chasson et al. (1961) , respectively. Plasma samples were assayed for somatotropin (Marple and Aberle, 1972) ; serum samples were assayed for insuling and triiodothyronine (~319. Interassay coefficients of variation were .6, 1.0 and 5.4%, respectively. Nonesterified free fatty acid (F'FA) concentrations were determined colormetricallylo.
Carcass Data Collection. On the last day of pST administration, all pigs were ultrasonically scanned'l for backfat thickness adjacent to the 6rst and last ribs and last lumbar vertebra. These three backfat measurements were averaged and adjusted to a constant weight (104 kg) using NPPC (1988) procedures. In addition, backfat depth was measured at the loth rib, approximately 6 cm from the midhe. Backfat was measured at this time because pigs were skinned at slaughter. Pigs were slaughtered in five groups (three groups of barrows and two groups of gilts) between d 42 and 62 of the experiment. Only longissimus muscle area at the loth rib and carcass length were measured on carcasses from gilts.
Carcasses from barrows were weighed at slaughter and again after 24 h at 4°C to determine hot carcass weight, chilled carcass weight and dressing percentage (chilled). In addition, at slaughter the heart, liver, kidneys, spleen, lungs, and kidney fat were collected and weighed. The loin and ham from the right side were removed for further dissection. The ham butt surface was evaluated for color and firmness (University of Wisconsin, 1963), trimmed to approximately 6 mm fat thickness and weighed. Hams then were dissected into their major muscles, lean t r i m and bone.
Samples from the same anatomical region of the semimembranosus, semitendinosus, and biceps femoris muscles were passed three times through a grinder equipped with a 3.2-mm plate and frozen for later analysis for DM, CP, lipid, and ash content (AOAC, 1984) .
In addition, the semimembranosus was probed with a spear-tipped penetrating electrode attached to a pH meter12 to determine 24-h pH (average of at least two readings). A second sample (approximately 200 g) was vacuum-packaged and frozen for shear-force determination. The loin was trimmed and weighed, then cut at the 4th, 6th, Sth, loth, 12th and last thoracic (T) and 2nd and 4th lumbar (L) vertebrae. Longissimus muscle area then was traced at each of these locations. Color, firmness, and marbling were evaluated at 10 T (University of Wisconsin, 1963) , 24-h pH was measured at 6 T, and samples from 8 and 12 T were vacuum-packaged and frozen for sensory panel evaluation and shearforce determination, respectively. The 10 T sample was ground and analyzed for DM, CP, lipid, and ash, as well as determination of Ca, P, Mg, K and Na concentrations (Schricker et al., 1982) .
Longissimus and semimembranosus samples for shear-force evaluation were sawed to a 2.54cm thickness while frozen, and any external fat was removed. Samples were weighed and allowed to thaw overnight at 4'C, and then were reweighed to determine thaw drip loss. Each sample was cooked to an internal temperature of 74°C (AMSA, 1978) in a conventional oven and weighed to determine cooking losses. The pan under each sample was weighed before and after cooking to determine evaporative and drip cooking losses.
After samples had equilibrated to room temperature, three 1.27cm cores were removed and shear-force values were determined using an Instron Universal Testing Machine13 equipped with a Warner-Bratzler shear device. Longissimus samples (8 T) for sensory panel analysis also were cooked to an internal temperature of 74°C and evaluated by a nine member, trained sensory panel. Criteria evaluated were juiciness, flavor, myofibrillar tenderness, connective tissue tenderness and overall tenderness. Panelists scored each chop by placing a mark on a 10-cm horizontal line anchored at both ends. A score of 0 constituted extremely dry, no flavor, extremely tough (myofibrillar tenderness), abundant connective tissue, and extremely tough (overall tenderness), whereas a score of 10 constituted extremely juicy, intense flavor, extremely tender, no connective tissue, and extremely tender, respectively. per treatment) and typically had one session per day.
Statistical Analyses. Data were analyzed using the GLM procedure of SAS (1985) . Analysis was conducted according to Millikin and Johnson (1984) as a 2 x 5 factorial with control treatment. Linear, quadratic and cubic comparisons of treatments means were evaluated among pST-treated pigs, whereas control pigs were compared with pST-treated pigs fed .6% lysine using a non-orthogonal contrast. Breakpoint analysis was conducted according to Robbins (1986) based on percentage lysine in the diet as well as absolute lysine intakes.
The broken-line analysis evaluated both three parameter (second regression line slope = 0) and four-parameter (second regression line slope less than or greater than 0) models. Results are reported for the model that provided the best fit (Robbins et al., 1977) . This was typically the four-parameter model, with the exception of the analysis of trimmed ham and loin weights (percentage lysine basis), for which the three-parameter model was used. The sensory panel evaluations were conducted as a repeated measures split-plot, with treatment and day as the whole plot and person as the sub-plot. Pen was considered the experimental unit; however, individual observations were used for carcass data. Covariate analysis (final weight) was utilized for carcass criteria with the exception of backfat thickness, longissimus muscle area and carcass length, which were adjusted to a constant weight (104 kg) using NPPC (1988) guidelines.
Results

Growth
Performance. There was no lysine x sex interaction (P > .lo) for any of the response criteria, so only main effects of dietary lysine and sex are presented. Increasing levels of dietary lysine increased ADG throughout the experiment (quadratic, P c .01) for pST-treated pigs ("able 3). Average daily gain was maximized for pigs fed 1.2% dietary lysine. However, pST administration reduced (P < .05) overall ADG of pigs fed the .6% lysine diet compared with control pigs. Breakpoint analysis (Robbins, 1986) based on percentage dietary lysine indicated that 1.19% lysine maximized cumulative ADG, whereas analysis based on absolute lysine intake suggested a breakpoint of 30.7 g. Average daily feed intake throughout the experiment tended to increase (quadratic, P < .lo) with increasing dietary lysine up to the 1.2% level; however, control pigs overall consumed more feed than pST-treated pigs fed .6% lysine (P e .05). The daily lysine intake (feed intake x percentage lysine) was 13.6, 19.6, 25.1, 29.6 and 33.6 g for pST-treated pigs fed .6, .8, 1 .O, 1.2 and 1.4% lysine, respectively, over the entire experiment. Feed conversion (F/G) also improved as dietary lysine increased (quadratic, P < .01) and, as with ADG, was optimized at the 1.2% dietary lysine leveL Breakpoint analysis based on percentage dietary lysine and absolute lysine intake indicated that overall cumulative F/G was optimized at 1.22% or 32 g lysine/d, respectively. The grams of lysine consumed per kilogram of gain were 18.1, 20.3, 21.8, 24.8 and 29.1 for pST-treated pigs fed the five lysine levels, respectively, over the entire test period. Barrows gained faster and had greater ADFI than gilts (P < .OS) throughout the experiment, but there were no differences in F/G. Because pigs were removed from the experiment at a constant final weight, the number of days on trial varied from 35 to 63. Blood Metabolites. Plasma urea concentrations on the three sampling days decreased (linear, P < .01; quadratic, P < .lo) as dietary lysine level increased among pST-treated pigs ( Table 4 ). Breakpoint analysis indicated that plasma urea concentrations leveled off between 1.11 and 1.14% lysine on the three sampling days. Analysis based on absolute lysine intake for the final bleeding period indicated a breakpoint at 29.6 g lysine/d. Gilts had lower urea concentrations than barrows on d 14 (P < .05) and 28 (P < .lo). On d 14 and 28, glucose and FFA tended to increase as dietary lysine level increased (P < .12); both metabolites were numerically higher in pST-treated pigs than in control pigs. Creatinine concentrations were not affected by experimental treatment (P > .20); however, creatinine concentrations increased at each subsequent bleeding, as the result of increased muscle mass as the pigs became heavier.
Plasma lysine concentrations increased (quadratic, P < .01) as dietary lysine level increased among pST-treated pigs (Table 5) . However, lysine concentrations in plasma of the pigs fed the .6, .8 and 1.0% lysine diets were similar to those of control pigs (individual non-orthogonal contrasts; P > .20).
Pigs fed 1.2 or 1.4% lysine had plasma lysine concentrations that were two-and threefold Creatinine, mg/dl 'A total of 72 finishing pigs with a n average inital weight 57.6 kg and average final weight 102.8 kg. Overall trial duration kinear effect of lysine (P < .01). 'Quadratic effect of lysine (P < .lo).
dLioeareffectoflysine(P<.12).
eControl vs .6% lysine, pST (P < .05). fBarrows vs gilts (P < .05). 8Barrows vs gilts (P < .lo).
ranged from 38 to 62 d. Linear and quadratic comparisons correspond only to pST lreatments. %ach value represents the mean of duplicate analyses of six samples (barrows and gilts n = 15), each sample being a kinear effect of lysine (P < .01). 'Quadratic effect of lysine (P < .01). kinear effect of lysine (P < .05). eControl vs .6% lysine, pST (P < .05). Quadratic effect of lysine (P < .M).
gBarrows vs gilts (P < .05).
composite of plasma from the two pigs in each pen. Linear and quadratic comparisons correspond only to pST treatments. Triiodothyronine, x@ml ' A total of 72 fhhbing pigs with an average initial weight 57.6 kg and average f a weight 1M.8 kg. Overall trial k i n e a r effect of lysine (P < .OS).
'Control vs .6% lysine pST (P < .05).
a a t i c effect of lysine (P < .01). eQuadratic effect of lysine (P < .Os). fBarrows vs gilts (P < .05).
duration ranged from 38 to 62 d. Linear and quadratic comparisons correspond only to pST treatments.
higher than those of control pigs, suggesting that these levels provided more lysine than was required for maximum protein synthesis. Other amino acid concentrations either were decreased or unchanged by the increased dietary lysine level, with the exception of methionine, which increased. Plasma somatotropin concentrations, as expected, were higher in pST-treated pigs, but they tended to decrease (linear, P e .05; d 14)
as lysine level increased and with each successive bleeding ( Table 6) . Concentrations of insulin and T 3 were numerically lowest for control pigs yet often were not different from those of .6% lysine, pST-treated pigs. Insulin and T3 concentrations increased (d 14 and 28, linear, P c .05; final bleeding, quadratic, P e -05) in pST-treated pigs fed the increased lysine levels.
Carcass Dam. Although pigs were slaughtered at a constant weight, both hot and chilled carcass weights tended to increase (quadratic, P < .lo) as dietary lysine level increased for pST-treated pigs (Table 7) . Control pigs had heavier hot and chilled carcass weights than .6% lysine, pST-treated pigs (P e .05). This was a result of decreased dressing percentage (control vs .6% lysine-pST; P e .05). Control pigs had greater average and loth rib fat thickness (P < .05) than pST-treated pigs fed .6% lysine. Neither backfat measurement was affected by dietary lysine level among pSTtreated pigs (P > .20). Longissimus muscle area increased (quadratic, P e .01) as dietary lysine level increased from .6 to 1.4% with a breakpoint maximum at 1.11% lysine (29 g based on lysine intake). Similar trends of increased longissimus muscle area were observed (linear, P < .05) at the other locations measured throughout the loin (data not reprted), However, longissimus muscle area was similar for control and pST-treated pigs fed .6% lysine. Carcass length was unaffected by experimental treatment (P > .20).
Barrows had longer carcasses, greater average backfat thickness and smaller longissimus muscle area than gilts (P < .OS). Kidney fat decreased (hear, P .OS) as lysine level increased from .6 to 1.4% for pST-treated pigs. Weight of trimmed hams and loins also increased as lysine level increased, but no differences were observed between control and pST-treated pigs fed .6% lysine. Trimmed ham and loin weights were maximized at .91 and .98% (23 and 25.1 g) lysine, respectively
Weights of individual muscles of the ham and lean t r i m all increased (quadratic, P < .05; adductor, linear, P e .OS) with increasing lysine level among pST-treated pigs (Table 8) .
(breakpoint). Backfat thickness, longissimus muscle area and length were significant (P < .05). Linear and quadmtic comparisons come spond only to pST treatments. b~a d r a t i c effect of lysine (P < .IO). 'Control vs .6% lysine pST (P < .05). kinear effect of~ysine (P < .oI). eQuadratic effect of lysine (P < .01). 
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No differences (P > .20) were observed in muscle weights between control and pSTtreated pigs fed .6% lysine. There also were no differences in color and f m e s s scores in either the ham or loin; however, marbling decreased (linear, P < .OS) as lysine level increased for pST-treated pigs. Increasing lysine level also resulted in higher 24-h pH in the semimembranosus of ]?STtreated pigs; however, no differences were observed in 24-h pH of the loin.
Dramatic changes in muscle composition were observed as a result of pST and increasing dietary lysine level (Table 9 ). In all muscles sampled, percentage moisture increased (linear or quadratic, P < .05) as lysine level increased. Crude protein content also increased in longissimus, semitendinosus and biceps femoris samples (linear, P < .05), with the largest increase occurring in the longissimus of pigs fed 1.2% lysine. Lipid content also was reduced (linear, P c .05) in longissimus samples of pST-treated pigs by added lysine. Ash content was not changed by experimental treatment, but Mg, P, and Na content of the longissimus increased (linear, P < .OS) as lysine level increased for pST-treated pigs.
Heart weight tended to increase as dietary lysine level increased (quadratic, P c .lo; Table 10 ). Liver weight was lower for control pigs (P e .05) than for pST-treated pigs fed .6% lysine. Weights of lungs, kidneys and spleen were not affected (P > .15) by experimental treatment.
Thawing losses were not affected by experimental treatment in longissimus samples v able 11). Cooking drip losses decreased (quad- (Table 12) . However, flavor scores were not affected by experimental treatment.
Dlscusslon
Our data indicate a dramatic response to increasing levels of dietary lysine on growth rate, feed conversion and carcass characteristics of finishing pigs injected with pST. The improvements in growth performance and k i n e a r effect of lysine (P < .05). 'Quadratic effect of lysine (P < .OS).
d~inear effect of lysine (P < .12). eControl vs .6% lysine pST (P < 3). %ata collected from 36 barrows. Linear and quadratic comparisons correspond only to pST treatments. Samples were evaluated by a nine-member, trained sensory panel using a 10-cm line scale with 0 constituting: extmmely dry, no flavor, extremely tough, abundant connective tissue, and extremely tough; and 10 constituting: extremely juicy, intense flavor, extremely tender, no connective tissue, and extremely tender for juiciness, flavor, myofibilliar, connective tissue tenderness, and overall tenderness, respectively. bControl vs .6% lysine pST (P e .11).
tinear effect of lysine (P < .M).
Quadratic effect of lysine (P < .IO). eQUadratic effect of lysine (P < .Ol).
carcass characteristics observed in this study as a result of increasing lysine level among pSTtreated pigs were equal to, if not greater than, those observed in response to pST administration in other studies (Chung et al., 1985; Boyd et al., 1986; Etherton et al., 1987b , Campbell et al., 1988a Evock et al., 1988) .
Previous experiments in which the effects of pST administration on pig performance were evaluated have shown positive responses to pST, but the magnitude of response has varied considerably. Much of that variation may have been caused by differences in nutrient density of the diet. Chung et al. (1985) reported improvements in ADG and F/G (10 and 4%. respectively) in 30-kg pigs injected daily with pST (22pg/kg BW) for 30 d. However, in subsequent studies , improvements of 10 and 20% in ADG and F/G were observed for 50-kg pigs injected daily with pST (30 pg/kg BW).
Because the pST was derived from the same lot in both experiments and pigs were of the same genotype, they concluded that the difference in initial weight was responsible for the greater response observed in the second study. Similar responses to pST treatment were observed in 5@kg pigs injected with up to 70 pg/kg BW pST (Etherton et al., 1987b) . The difference in initial weight may be partly responsible because the pigs used in the latter studies were at the stage of their growth curve at which fat deposition was increasing in a linear fashion. However, the main source of variation between their studies may have been nutrient-related, because the diet used in the initial study contained 16% CP (.8% calculated lysine) vs an 18% CP diet (1.26% calculated lysine) in the later studies. Recent research (Campbell et al., 1988a) demonstrated that the young pig (25 kg) is as responsive to exogenous pST administration as older pigs (60 kg). Therefore, the majority of variation in response probably is nutrient-related, as indicated by the improved performance to increasing dietary lysine level observed in our study.
The changes in carcass composition in this study correspond to those observed previously (Boyd et al., 1986; Etherton et al., 1987b; McLaren et al., 1987; Campbell et al., 1988a; Evock et al., 1988) . The mechanisms by which pST affect protein synthesis and adipose tissue deposition have yet to be resolved. Current hypotheses suggest that pST acts directly on adipose tissue, by decreasing insulin-stimulated lipogenesis. This results in decreased glucose utilization for fatty acid synthesis in adipytes Walton et al., , 1987 Etherton et al., 1987a; Magri et al., 1987) .
Protein accretion appears to be stimulated by pST indirectly through insulin-like growth factor I (IGF-I), which may induce cellular hypertrophy by way of satellite cell prolifera-tion (Ewton and Florini, 1981; Dodson et al., 1985; Allen et al., 1986; C h u g and Etherton, 1986) .
Our data indicate that the responses of muscle cells and adipose tissue to pST are independent of each other. Porcine somatotropin administration reduced pig weight gain (.90 vs .75) when the diet contained .6% lysine. However, pST-treated pigs fed the .6% lysine diet had less carcass fat content than control pigs did Therefore, whereas insufficient lysine levels reduced growth rate of pST-treated pigs, possibly via reduced IGF-I production, lysine level did not alter pST's depression on adipose tissue growth. Swine and rats under protein and(or) calorie restriction or zinc deficiency have been shown to have lower IGF-I levels than control animals, suggesting that diet may interact with pST-stimulated IGF-I synthesis (Bolze et al., 1985 (Bolze et al., , 1987 Buonomo and Bade, 1987) . In our experiment, pST-treated pigs fed the .6% lysine diet may have had low IGF-I concentrations because of insufficient lysine and, hence, poorer growth performance compared with pigs fed higher lysine levels. However, pSTtreatment still reduced backfat thickness, an effect not mediated through IGF-I.
The elevations in glucose concentrations in pST-treated pigs correspond to observations by Chung et al. (1985) , Etherton et al. (1986 , 1987b ), Campbell et al. (1988a and Evock et al. (1988) . Porcine somatotropin has been shown to affect hepatic glucose output and clearance, which result in hyperglycemia and hyperinsulinemia (Gopinath and Etherton, 1989a,b) . Triiodothyronine concentrations also were elevated as observed previously (Campbell et al., 1988a) and may be associated with increased FFA concentrations. Increased usage of FFA as an energy substrate would increase oxygen demand by tissues, which would be affected by high T3 concentrations. Increased T3 concentrations also may be partly responsible for the increased basal metabolic rate observed in pST-treated pigs (Campbell et al., 1988a (Campbell et al., , 1989 ; however, the significance of the elevated metabolic rate may be questionable because there appears to be no change in the heat-stress susceptibility of pST-treated pigs (Stoner et al., 1989b) . Plasma pST concentrations were lower than those reported by Etherton et al. (1987a) and Campbell et al. (1988a) and may reflect differences in pST injection and plasma sampling times.
Porcine somatotropin had dramatic effects on the muscle to fat ratio of the carcass (Boyd et al., 1986; Etherton et al., 1986, 198%; Campbell et al., 1988% Evock et al., 1988 . In the present experiment, all pigs were slaughtered at approximately the same weight; therefore, differences in hot and chilled carcass weight reflect modest changes in final weight, with the exception of pST-treated pigs fed the .6% lysine diet. A decrease in dressing percentage appears to be primarily responsible for the lowered carcass weight. There is little information concerning changes in dressing percentage in response to pST administration; however, dressing percentage tends to decline as pST dosage increases (Evock et al., 1988; Bryan et al., 1989; Goodband et al., 1989b) . Dressing percentage is affected by fat content of the carcass and organ weights; therefore, dressing percentage would be expected to decrease slightly because pST reduces fat content and tends to increase internal organ weight.
Backfat thickness was reduced for pSTtreated pigs fed .6% lysine compared with control pigs; however, there were no differences observed due to increasing lysine level. In growing pigs not treated with pST, increasing lysine level typically reduces backfat and carcass fat content (Brown et al., 1973b; Asche et al., 1985) . In addition, there was variation in lipid reduction observed among the selected muscles. This may be a result of the relative physiological maturity of each of the muscle groups (Davies, 1974) . The muscles of the loin, being relatively late maturing, may be more susceptible to compositional changes induced by pST administration than the earlier maturing muscles of the ham are.
Reductions in carcass fat content observed in this study were consistent with those observed previously (Boyd et al., 1986; Etherton et al., 1986 Etherton et al., , 1987b Grebner et al., 1987; Campbell et al., 1988a; Evock et al., 1988) , with intramuscular lipid content and marbling score being reduced to the greatest extent (up to 63%). Because many of the organoleptic qualities of pork, such as juiciness and flavor, are inherent to fat (DeVol et al., 1988) , pork quality may be adversely affected by pST administration. In addition, cellular hypertrophy, changes in proportions of muscle fiber types, and less insulation provided by the reduced backfat thickness may predispose the carcass to cold toughening or possibly pale, , 1988) . However, in our study, i.m. fat content of longissimus samples was above 2.5%. which is thought to be the threshold value for "noticeable" toughness by trained sensory panelists (DeVol et al., 1988) . These data are consistent with those reported earlier (Beerman et al., 1988; Kanis et al., 1988; Evock et al., 1988; Goodband et al., 1989b) that have demonstrated only slight decreases in tenderness and juiciness of pork from pSTtreated pigs. These differences in tenderness and juiciness should not be discernible to the consumer, because overall scores indicated that samples were still within an acceptable range of juiciness and tenderness; further, the range occurring naturally in pork is wide W V o l et al., 1988) . The improvement in daily gain, feed conversion, and carcass leanness in a dose dependent fashion to lysine level is typical of those results observed previously in experiments to estimate the lysine requirement of finishing pigs (60 to 105 kg; Brown et al., 1973a ,b Lewis et al., 1979 Williams et al., 1984; Asche et al., 1985) . Surprisingly, breakpoint analysis indicated a higher lysine level for maximizing ADG and feed conversion than for maximizing longissimus muscle area or trimmed ham and loin weights. Typically a higher lysine level is necessary to maximize feed conversion and longissimus muscle area than to maximize growth rate (Brown et al., 1973a,b) . Regardless, the response to pST administration was enhanced by increasing dietary lysine levels. Our data indicate that from 25 to 30 g of lysine/d is needed to support maximal daily gain, feed conversion and carcass leanness when pigs are administered 4 mg pST/d. This conclusion is supported by the changes observed in plasma urea and lysine concentrations. Because dietary lysine level increased and approached the pig's requirement, plasma urea concentrations decreased. Because lysine was no longer limiting, protein synthesis was increased and other amino acids were no longer being catabolized to urea. Additionally, pST administration has lowered plasma urea concentrations compared with control pigs (Chung et al., 1985; Etherton et al., 1987b; Campbell et al., 1988a) . This indicates that pST directs amino acids into protein synthesis rather than urea synthesis regardless of dietary lysine level. Porcine somatotropin may decrease protein degradation indirectly through IGF-I (Jacob et al., 1989) . This also may contribute to the decreased plasma amino acid concentrations observed in our study. Plasma lysine levels were relatively low in pigs fed .6, .8 and 1.0% dietary lysine; they increased threefold as dietary lysine level was increased further. This, in combination with growth and carcass data, supports an estimated lysine requirement between 1.0 and 1.2%, or approximately 25 to 30 g/d. The plasma urea and lysine response curves are typical of experiments designed to determine the amino acid requirements of pigs (Lewis et al., 1980; Baker, 1986) . Results of the present study also are supported by the recent findings of Goodband et al. (1989b) and Stoner et al. (1989a) that have suggested that 28 to 30 g lysineld is necessary to maximize growth performance and carcass traits of pigs injected with 4 mg pST/d.
Although no control pigs were fed higher levels of dietary lysine, it is unlikely that there would have been a response to additional lysine. In summarizing numerous research reports, the NRC (1988) concluded that the optimum lysine level for pigs 50 to 11 0 kg was .6 and .7% for barrows and gilts, respectively. In addition, we conducted a companion study, in which barrows of similar genetic compsition were fed diets identical to the ones used in the present study. There were no differences in ADG, ADFI, F/G, backfat thickness, longissimus muscle area, plasma urea concentration, kidney fat, dressing percentage, loin weight or percentage muscle with increasing lysine level in agreement with NRC (1988) estimates.
Our data contradict recent findings that have shown little response to dietary CP levels in pST-treated pigs (Capema et al., 1989) . One explanation for this discrepancy may be that they restricted feed intake in some experiments; this would limit energy intake necessary for maximal growth rate (Campbell et al., 1988b; Stoner et al., 1989a) . A second possibility is that pST administration may not increase the requirement for other amino acids in proportion to that for lysine. In young, rapidly growing swine, as lysine level and growth rate increase, the tryptophan level needed to maximize performance does not increase to the same proportion; thus the optimum 1ysine:tryptophan ratio increases (Lewis et al., 1977) . This observation may explain the differences between our data and those of Capema et al. (1989) . Inconsistencies such as these in CPamino acid ratios necessitate specifying amino acid levels rather than CP level, because the pig's requirement is for amino acids and not CP per se. Clearly, further research will be required to determine the levels of other essential nutrients needed to maximize growth and performance of pSTtreated pigs.
In conclusion, the development of a pSTbased growth promotant will dramatically increase growth rate, feed conversion and carcass characteristics without adversely affecting pork quality. However, the increased lean tissue growth stimulated by pST administration is enhanced by increases in dietary lysine level.
Implications
Porcine somatotropin administration in combination with increasing dietary lysine level improved growth rate and feed conversion (33%) and reduced carcass fat content (50 to 63%) without adversely affecting carcass quality. These data demonstrate that finishing pigs treated daily with 4 mg pST require from 25 to 30 g lysine/d to optimize performance and carcass characteristics.
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